


* – Presenter & PhD candidate

1 – WA School of Mines: Minerals, Energy and Chemical
Engineering, Curtin University, Perth, Australia

2 – CSIRO Energy: Rock Properties Team, Perth, Australia





15 cm

Rock anisotropy
Subsurface stress distribution 

& hydraulic fracturing – shale 
Subsurface seismic imaging

C
a
lc

it
e

C
la

y

1
2

0
 m

m

CT image: Voxel size 100 µm

Vfast

Vslow

Example



He et al., 2013
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(Kovalyshen et al., 2020 ; Kovalyshen et al., 2017)



• Laser source size – 2 mm 

• Receiver (LVD) size – 0.1 mm

• Automated rotating stage

• Automated data acquisition with 

PLACE

• Double LVD configuration Simpson et al., 2019; Simpson, 2019; PAL, The University of Auckland 



• Length to diameter 

ratio (l/d)- 2:1

• Heterogenous vertical 

shale Th8 sample –

Goldwyer shale 

formation

• Porosity and bulk 

density of Th8 are 

8.6% and 2.6 g/cc





𝐹 α0, ε, δ, p, q = ෍

𝑖

1 − 𝑉𝑚𝑜𝑑𝑒𝑙
𝑖 (α0, ε, δ, p, q Τ) 𝑉𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑
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Sample

orientation

p

(o)

q

(o)

α0

(km/s)

ε

(-)

δ

(-)

Literature data Vertical 0 0 2.8 0.22 0.26

Inversion results Vertical* 0* 0* 2.92 0.13 n/a*

Literature data Horizontal 90 90 2.8 0.22 0.26

Inversion results Horizontal 109 78 2.75 0.30 0.35

Literature data Inclined (450) 45 45 2.8 0.22 0.26

Inversion results Inclined (450) 44 44 2.88 0.16 0.04

* For the vertical sample, no inversion is possible due to the limited number of 
independent ray paths 

 

  
 

   
 

   
 

   

  

  

                

 

  
 

   
 

   
 

   

  

  

  
 

   
 

   
 

   

  

  

 





Sample 

orientation

p

(o)

q

(o)

α0

(km/s)

ε

(-)

δ

(-)

PUS measurements Vertical* 0* 0* 1.73 1.58 n/a*

LUS inversion results Vertical* 0* 0* 1.59 ± 0.11 1.57 ± 0.29 n/a*

*The orientation of symmetry axis assumed to be vertical based on visual 

inspection of the top part of the shale sample (homogeneous and layered)

 

  
 

   
 

   
 

   

  

  

                



Criteria PUS LUS
Transducer size Finite size Point source-receiver

Velocity type Group/phase ambiguity Group velocity

Data recording Sparsely sampled Densely sampled in space and time

Signal quality Stronger P-wave arrival Weaker P-wave arrival

Symmetry orientation 

and elastic anisotropy

Bedding parallel/inclined 

plugs

Bedding parallel
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